Medium-range inductive wireless power transmission systems allow a sufficient power transfer without requiring close proximity between a primary coil and a secondary coil. We briefly investigate the range of a typical system and its radiated emission, from the perspectives of electromagnetic compatibility (EMC) and human exposure requirements. We then discuss the applicable legislation in the European Union, the main question being the applicability of the R&TTE or radio equipment directives. Our conclusion is that this applicability depends on multiple parameters, among which is the presence of a self-tuning capability or of a transmitter control based on telemetry.
Introduction
Varying electric fields and magnetic fields can be used for wireless power transmission (WPT) from the antenna of a power-transmitting unit to the antenna of a power-receiving unit. WPT using electrically small coils as antennas is usually referred to as inductive WPT. Here, the antenna used in the power-transmitting unit is a primary coil and the receiving antenna is a secondary coil, as shown in Figure 1 . The primary coil and the secondary coil form a transformer having a primary and a secondary which are mechanically separable. When the two are placed in proper orientation and proximity, the coupling becomes sufficient to allow an adequate power transmission.
In a short-range inductive WPT system, power transmission takes place only when the power-transmitting unit and the power-receiving unit have a well-defined position with respect to each other and are in mechanical contact with each other. Thus, the primary and secondary coils are typically a few millimeters apart and a good efficiency can be obtained. Short-range WPT systems are for instance used in chargers for the rechargeable batteries of hand-held battery-operated items, such as electric tooth brushes, radio transceivers, and cellular telephones. This approach allows the hand-held item to be completely sealed and uses no electrical connection between the mains and the hand-held item.
This paper is about medium-range inductive WPT systems, which do not require a close proximity between the primary and secondary coils during power transmission. For instance, an experimental medium-range inductive WPT system (MRIWPTS) was used to power-feed a light bulb over a distance of 2 m [1] [2] [3] . The added convenience of positioningfree operation entails an increased emission level, which can exceed electromagnetic compatibility (EMC) and human exposure requirements (in this paper, human exposure refers to human exposure to electromagnetic fields).
In the European Union (EU), the legislation applicable to an electrical apparatus is set forth in the applicable directive(s), the national legislations transposing the provisions of these directives, and other national legislations. A manufacturer who wants to place a MRIWPTS on the market in the UE must first determine the applicable directive(s), which determine the set of applicable harmonized standards, and the applicable conformity assessment procedures.
The main subject of this paper is a discussion of the directive applicable to a MRIWPTS, the main question being the applicability of the radio equipment and telecommunications terminal equipment (R&TTE) directive [4] or of the radio equipment directive which will replace it [5] . If the R&TTE or radio equipment directive is applicable, it covers electromagnetic compatibility (EMC), as well as safety and protection of health issues, including human exposure. In the opposite case, EMC is usually covered by the EMC directive [6, 7] , while safety and protection of health, including human exposure, are usually covered by the low voltage directive [8, 9] . Our discussion will not take into account the fact that the MRIWPTS may be a part of a product having other functions influencing the applicability of the R&TTE directive.
WPT is very useful to power-feed implantable medical devices. It is therefore worth mentioning that a device covered by the medical devices directive [10] or by the active implantable medical devices directive [11] is not subject to the EMC directive and low voltage directive, but it may be subject to the R&TTE or radio equipment directives.
The paper is organized as follows. Section 2 presents the typical characteristics of inductive WPT systems and provides a structural definition of MRIWPTSs. Section 3 presents a computation of the power gain, which is a measure of the efficiency of a WPT system, as a function of the distance between the coils. Section 4 addresses the radiated emission of medium-range WPT systems. Section 5 explains that one should consider that radio waves are used in WPT. Sections 6 and 7 discuss the applicability of the R&TTE and radio equipment directives.
Overview of Inductive WPT Systems
Let us use to denote the shortest distance between the primary coil and the secondary coil (including their magnetic circuits, if present). Let us use the wording resonant coil to designate a coil used in a series or parallel resonant circuit comprising a capacitor, or a coil used at its self-resonance frequency. An inductive WPT system may use the following:
(i) nonresonant coils in the power-transmitting unit and in the power-receiving unit, in which case a reasonable efficiency requires that a magnetic circuit made of a magnetic material is used to obtain a strong coupling between the coils (i.e., a coefficient of coupling close to 1), being a gap much smaller than the section of the magnetic circuit;
(ii) one resonant coil and one nonresonant coil, in which case a reasonable efficiency does not require a magnetic circuit made of a magnetic material, and may be increased compared to two nonresonant coils;
(iii) resonant coils in the power-transmitting unit and in the power-receiving unit, in which case a reasonable efficiency does not require a magnetic circuit made of a magnetic material, and may be further increased compared to a device using only one resonant coil, up to a few times the largest dimension of one of the coils.
In current inductive WPT systems, the primary coil is excited by a high-frequency current generated by an electronic circuit, typically a switched-mode or resonant inverter operating at a frequency above 20 kHz. Such a design typically implements resonant coils in the power-transmitting unit and/or in the power-receiving unit. For instance, (i) many transponders for radio frequency identification (RFID) use inductive WPT to supply enough power to sustain the operation of the transponder, typically 10 W to 1 mW [12] ;
(ii) implantable medical device typically uses inductive WPT with resonant coils in the frequency range 1 MHz to 20 MHz to deliver 5 mW to 250 mW to the implant [13] [14] [15] [16] ;
(iii) a Wireless Power Consortium has issued a specification for inductive WPT systems operating in the 110 kHz to 205 kHz frequency range and capable of delivering up to 5 W at a distance of about 5 mm between the primary and secondary coils [17] ; (iv) WPT systems intended to be used as battery chargers for electric vehicles are being designed, for instance, a 30 kW system operating at a distance of 45 mm [18] .
Inductive WPT systems using resonant coils in the power-transmitting unit and in the power-receiving unit provide the best efficiency for a given size of the coils and a given distance between the coils, but they require an accurate tuning. Additionally, power is wasted if the primary coil is excited when the power-receiving unit is not present or does not need to receive power. In order to avoid this situation and to compensate the effect of component tolerances, temperature changes, component drift, and the effect of nearby conducting or magnetic items, it might be desirable to use Figure 2 : Model for the case of parallel resonance. a WPT system using a self-tuning capability of the powertransmitting unit or a more elaborate transmitter control based on telemetry involving communication from the powerreceiving unit to the power-transmitting unit. According to the self-tuning capability, the power-transmitting unit is capable of (i) sensing the presence of a nearby secondary coil connected to a circuit comprising only a capacitor and a resistance, and varying or activating/deactivating the power in the primary coil accordingly; and/or (ii) dynamically seeking resonance and optimizing power transfer with a nearby secondary coil connected to a circuit comprising only a capacitor and a resistance.
Of course, the self-tuning capability must also be able to operate in the presence of the intended power-receiving unit, which typically comprises a rectifier and other nonlinear circuits. We see that the self-tuning capability helps to obtain a good efficiency.
The above-mentioned specification of the Wireless Power Consortium uses transmitter control based on telemetry, involving a digital communication using load modulation, referred to as "backscatter modulation" in [17] . This specification also uses a form of self-tuning capability, referred to as "analog ping" in [17] .
An arbitrary minimum value of could be used to distinguish a MRIWPTS from a short-range inductive WPT system. However, this approach does not lead to general consequences from the design standpoint. In this paper, a MRIWPTS is defined by a structural attribute: the primary coil does not comprise a magnetic circuit made of a magnetic material.
Power Transfer of Inductive WPT Systems
We will now assess the typical efficiency which might be expected from a MRIWPTS using resonant coils in the power-transmitting unit and in the power-receiving unit. Since the largest dimension of each coil is small compared to wavelength, we can use a lumped-element circuit model to derive the currents through the coils. We will assume a simple equivalent linear circuit for the power-transmitting unit and the power-receiving unit. This is not a severe limitation since we only want to assess the behavior at the nominal frequency.
We can use the model shown in Figure 2 to investigate a MRIWPTS using a parallel resonant circuit comprising the primary coil, and another parallel resonant circuit comprising the secondary coil. In Figure 2 , 1 is the inductance of the primary coil, 2 is the inductance of the secondary coil, and 1 and 2 are conductances representing the losses in the primary and secondary coils, respectively. 1 and 2 are the values of the capacitors used to obtain parallel resonance. Since the circuit of the secondary coil is floating, we have not introduced the capacitance between the windings in the model.
We introduce the coefficient of coupling , the quality factors 1 and 2 , and the radian frequencies 01 and 02 , given by
If we consider the problem for which 2 is determined by a load of conductance 2 , in such a way that 2 = − 2 V 2 , we define the power gain as
where the bar denotes the complex conjugate. A simple analysis shows that if the circuits are tuned to the same frequency 0 , that is, 0 = 01 = 02 , and that the coupling is weak, that is, ≪ 1, an acceptable efficiency is only obtained for 1 ≫ 1 and 2 ≫ 1. Using these assumptions, we find that [19] , at = 0 ,
in which, following Terman [20, Sections 3 and 5] and Hochmair [13] , we have used the dimensionless coupling parameter defined by
In order to maximize the approximate power gain given by (5) for 2 and fixed, we must use 2 = 2 MAX with Figure 3 shows the coefficient of coupling and the exact power gain as a function of the distance between the primary and secondary coils in a coaxial configuration, for 1 = 2 = 100 and parallel resonance at the frequency 0 = 27.120 MHz. This computation considers 2 identical circular coils of mean radius = 0.1 m each having a single turn and no magnetic core. We assume that, at each , the powerreceiving unit absorbs a sinusoidal current and adjusts 2 so that it takes on the value given by (7).
We can use the model shown in Figure 4 to investigate a MRIWPTS using a series resonant circuit comprising the primary coil 1 and a series resonant circuit comprising the secondary coil 2 . Again, we have not introduced the capacitance between the windings in the model. This WPT system requires a separate analysis because, contrary to appearances, the circuits shown in Figures 2 and 4 are not dually related. In Figure 4 , 1 and 2 are resistances representing the losses in the primary and secondary coils, respectively. 1 and 2 are the values of the capacitors used to obtain series resonance.
We introduce the quality factors 1 and 2 given by
and we will use again 01 and 02 given by (3). If we consider the problem for which 2 is determined by a load of resistance 2 , in such a way that V 2 = − 2 2 , we may use the power gain given by (4). In practice, as above, we can assume that the circuits are tuned to the same frequency 0 = 01 = 02 , and we find that [19] , at = 0 ,
In order to maximize the power gain for 2 and fixed, we must use 2 = 2 MAX with
We can compute the power gain as a function of the distance between the primary and secondary coils, for the geometry and the coils defined above in the explanations for Figure 3 , using series resonance at the frequency 0 = 27.120 MHz. Assuming that, at each , the power-receiving unit absorbs a sinusoidal current and adjusts 2 so that it takes on the value given by (10), the exact value of the power gain differs by less than 0.5% from the results obtained for parallel resonance. Thus, Figure 3 also applies to series resonance.
The results presented above are very similar to the ones presented in [19] for a design having a similar geometry but operating at 0 = 149 kHz. To obtain a reasonable efficiency, the ratio of the shortest distance between the coils to the largest dimension of the largest coil will always be less than 4.0 in an ideal experiment.
There are two other simple configurations which may be used to obtain resonant coils in the power-transmitting unit and in the power-receiving unit: parallel resonance in the power-transmitting unit with series resonance in the powerreceiving unit and vice versa [18] . The latter seems to be the most popular scheme. However, more complex structures can also be used, for instance, involving two coupled coils in the power-transmitting unit and in the power-receiving unit [2] , or a dual resonant circuit [16, 17] .
Emission of a MRIWPTS
We now want to determine the radiated emission of the MRIWPTS, to investigate EMC and human exposure. This emission is mainly characterized by the magnetic field intensity H, which will be computed in free space. We assume that the excitation of the resonant circuit comprising the primary coil is adjusted in such a way that a power of 1 W is delivered to the load of the power-receiving unit, in addition to the earlier assumption that the power-receiving unit absorbs the maximum power from the resonant circuit comprising the secondary coil.
If we measure at a distance of the primary coil, d being much larger than and the largest dimension of the primary and secondary coils, the free space emission is close to the emission of a magnetic dipole, for which the total radiated power W is given by Stratton [21, page 438]:
where M is the r.m.s. magnetic moment of the dipole, 0 ≈ 376.7 Ω is the intrinsic impedance of free space, and k is the wave number / 0 where 0 is the velocity of light in free space. For the configuration used above, comprising two coaxial circular coils, we have
where 1 and 2 are the r.m.s. currents flowing in the primary coil and in the secondary coil, respectively. Figure 5 shows W computed as a function of D, in the case of the configurations shown in Figures 2 and 4 . In the case of parallel resonance shown in Figure 2 , 1 is the sum of the currents flowing through 1 and 1 , and 2 is the sum of the currents flowing through 2 and 2 . In the case of series resonance shown in Figure 4 , we have 1 = 1 and 2 = 2 . Once W is computed, the maximum r.m.s. magnetic field strength at the distance d, denoted by MAX , is given by Broydé and Clavelier [22] :
where
(k ) ≡ √ 5 + √ 37 2 ≈ 2.354.
Advances in Electronics The field strength given by (13) - (15) is exact for a magnetic dipole at any frequency, in which case is the distance between the dipole and the point where the field is measured. It applies to our problem only if the distance between the center of the primary coil and the measurement point is much larger than and the largest dimension of the primary and secondary coils. At a distance which is not much larger than and the largest dimension of the primary and secondary coils, we need to compute at each point in space. In Figure 7 , the solid curve is the result of the exact near-field computation used to obtain Figure 6 , and the dashed curve is obtained using the exact magnetic dipole formulas (13)- (15) . We note that, in Figures 6 and 7 , the field strength is approximately as high near the secondary coil as it is near the primary coil.
According to Figure 5 , the radiated emission of the MRIWPTS computed here is much higher than the one obtained in [19] at 0 = 149 kHz. For instance, for D = 1 m, the total radiated power is about 40 dBm in Figure 5 (at 0 = 27.120 MHz), as opposed to only −30 dBm in [19] (at 0 = 149 kHz). With regard to human exposure, the field levels are much lower in Figure 6 than in the corresponding map of [19] , but the reference levels defined in [23] are also different: 73 mA/m at 0 = 27.120 MHz versus 5 A/m at 0 = 149 kHz. The bottom line is that the volume where the reference level relating to the limitation of exposure of the general public is exceeded, which corresponds to the interior of the 0 dB curve in Figure 6 , is larger in the case of the 27.120 MHz design studied in this paper than it is for the 149 kHz design. Figure 8 shows a WPT experiment corresponding to the configuration considered in Figures 6 and 7 : two single-turn coils of radius 0.1 m separated by a distance D = 0.3 m are used at 27.120 MHz. The secondary coil is suspended by a thin string and connected to a 110 V neon lamp in parallel with an air dielectric adjustable capacitor. In this simple experiment, the transmitted power is used to power-feed the lamp, and the power received by the lamp is not measured because the lamp is highly nonlinear. The primary coil is connected to the antenna port of an antenna tuner which receives about 6 W at its transmitter port. The hand of one of the authors is placed between the coils, no effect of the field being perceived. The lamp was then replaced with a resistor of 13.35 kΩ (measured value) and the power received by the transmitter port of the antenna tuner was set to about 48 W, to obtain a power received by the resistor equal to 1 W. An H-field probe was inserted between the coils, at z = 0.15 m. This caused a reduction of the power received by the resistor, which was not compensated by any new adjustment. The field 6 Advances in Electronics between the coils was measured to be about 126 dB( A/m). The agreement with Figure 7 is acceptable if we consider that the actual values of 1 and 2 are not known and that the H-field probe disturbs the field, as evidenced by the received power variation.
If we assume that a MRIWPTS is subject to the R&TTE directive, we may have to use the standards applicable to inductive loop systems in the frequency range 9 kHz to 30 MHz, under this directive [24, 25] . In this case, for the MRIWPTS at 0 = 27.120 MHz, the radiated emission limit is 42 dB( A/m), measured at 10 m. If we assume D = 0.3 m and a power of 1 W delivered to the load of the power-receiving unit, as in Figure 6 to Figure 8 , the total radiated power is about 11 dBm in Figure 5 , for which the field value given by the exact magnetic dipole formulas (13)- (15) at 10 m is about 46 dB( A/m). The emission limit is exceeded by about 4 dB so that the design must be revised.
If we assume that a MRIWPTS is subject to the EMC directive, we may, for instance, be allowed to use the EN 55011 standards [26] . In this case, for the MRIWPTS at 0 = 27.120 MHz, no radiated emission limit is applicable because an ISM frequency is used. Here, we only have to take into account human exposure requirements.
In this section we have had a closer look at two key parameters of a MRIWPTS, the total radiated power and the magnetic field distribution close to the coils, which are dependent on the distance . We have seen that the applicable technical requirements regarding radiated emission and human exposure play an essential role in an actual design. This is why it is important to correctly determine the applicable legislation.
Inductive WPT and Electromagnetic Waves
The term radio wave is defined in Article 2 of the R&TTE directive, as a special case of electromagnetic wave. Unfortunately, electromagnetic wave is neither defined in the directive, nor unambiguously defined in the literature. The generally accepted definition in textbooks on electromagnetic theory is that electromagnetic waves are the vectors E and H solutions of the vector wave equation [ This question of vocabulary is not academic since, depending on the meaning given to "electromagnetic waves, " different European directives may be applicable, which entail different requirements and different costs (engineering, conformity assessment, and manufacturing costs). This may be why the wording nonradiative, which suggests that electromagnetic waves are not generated, has been associated by some authors to their wireless power transfer concepts [3, 27] .
The particular fields produced by a harmonic electric or magnetic dipole can be written as the sum of three terms: the "quasistatic" term in 1/ 3 , the "induction" term in 1/r 2 , and the "radiation" term in 1/r [21, Sections 8.5, and 8.6], where denotes the distance between the dipole and the measurement point. For instance, in the case of a magnetic dipole of particular interest in this paper, if we assume and suppress a time-harmonic dependence , the magnetic field applied by the magnetic dipole at a location defined by the vector r is given by
where u is a unit vector in the direction of r, such that r = u, where k is the wave number and where M is the magnetic moment vector. At a distance from the electric or magnetic dipole less than /2 , where is the wavelength, k is less than 1 so that the "quasi-static" term predominates. Technically, the three terms propagate, because they contain the propagation factor e − k which indicates the propagation of a spherical wave at the phase velocity 0 .
More generally, if we consider an arbitrary timeharmonic source of variable electric and magnetic fields, the total field at any point is a volume integral of several terms, each term propagating everywhere [21, Section 8.14] [28, Section 7.9]. For instance, the magnetic field applied by the source is given by
where j denotes the current density from the free charges and the polarization charges. Here, the contribution of a volume element dV has a term in 1/ 2 and a term in 1/r, and both propagate at the velocity of light in free space. Thus, propagation takes place everywhere, in the far-field region and in the near-field region of the source. Thus, we should not be misled by the word "static": in the region where the field is quasistatic, the field can be approximately computed as a static field, but the field nevertheless propagates.
Definitions being arbitrary, different points of view are of course possible; hence, the wording "nor unambiguously defined" is used at the beginning of this section. We note that the perspective of elementary explanations on electromagnetic waves, which mostly focus on plane waves and what happens in the far-field region of an antenna where the radiation term dominates, suggests that electromagnetic wave and propagation only exist far from the sources. As shown above, this is misleading. This perspective does not lead to a general definition of "electromagnetic wave. "
Engineers do not usually consider capacitors, inductors, or transformers as devices in which electromagnetic waves occur. This is because these circuit elements are usually introduced in circuit theory without reference to the more general framework of electromagnetic theory. This is also because electromagnetic propagation is not needed to explain their basic properties. However, we must also face the fact that if we consider electromagnetic wave in every sense of the word, the coupling between the primary coil and the secondary coil of a MRIWPTS is caused by electromagnetic waves.
Applicability of the R&TTE Directive
The R&TTE directive, which will remain applicable until 12 June 2016 [5, Art. 50] , is applicable to a radio equipment, defined as a product or component capable of communication by means of the emission and/or the reception of radio waves, where radio waves mean electromagnetic waves of frequencies from 9 kHz to 3000 GHz, propagated in space without artificial guide.
The fact that, in the meaning of the R&TTE directive, inductive coupling uses electromagnetic waves cannot be questioned, since harmonized standards exist for the application of the R&TTE directive to inductive loop systems [24, 25] . This confirms the analysis of Section 5.
Let us now have a closer look at the concept of electromagnetic waves propagated in space without artificial guide. In this requirement, "propagated in space without artificial guide" obviously refers to the capability of communication covering a sufficient distance in any direction, because this capability implies that interactions with other items capable of emission and/or reception of electromagnetic waves cannot be controlled by the user of the product or other interested parties, as opposed to transmission through an electrical interconnection. In other words, if the range is too short, the capability of communicating with electromagnetic waves should be ignored. This is one of the consequences of the wording "in space without artificial guide": there must be enough space (i.e., empty gap).
No such minimum distance appears in the R&TTE directive. However, the current "Guide to the R&TTE Directive 1999/5/EC" excludes cochlear implants of the "current technology" from the scope of the R&TTE directive [29, Section 1.3.5] , on the basis of a report prepared by the authors, which has been made public by the European Commission [30] . According to this report, a product comprising a transmitter and a receiver could possibly not be regarded as being in the scope of the R&TTE directive, when the following conditions are simultaneously fulfilled:
(a) the receiver is intended to operate, at a given time, with a single transmitter of the intended type of transmitter, which we will refer to as "the intended transmitter"; (b) the receiver has a maximum range below 10 cm for the intended type of transmitter so that, in a given configuration, the intended transmitter is the only transmitter of the intended type capable of communication with the receiver, as if the transmitted signal was sent through an electrical interconnection; (c) the receiver is so insensitive that it cannot, in normal electromagnetic environments, receive electromagnetic waves coming from other sources than the intended transmitter.
Any practical MRIWPTS is likely to operate at frequencies higher than 9 kHz for power transmission. At this stage, we may conclude that such a MRIWPTS uses radio waves unless it meets the conditions (a), (b), and (c) defined above.
To determine in which case a MRIWPTS is radio equipment subject to the R&TTE directive, we must now discuss whether a MRIWPTS is capable of communication. At first glance, it seems that the electromagnetic waves used for power transmission do not convey any information and that no communication is therefore taking place. However, we must also consider the possible implementation of a selftuning capability of the power-transmitting unit or a more elaborate transmitter control based on telemetry, as explained in Section 2.
An accepted interpretation of the R&TTE directive concerning radars states that radars are capable of communication. The rationale for this interpretation says that it results from the assumption that "communication is considered merely the act of transmitting or receiving signals. " Presumably, such transmitted or received signal is implicitly modulated so as to convey information. This interpretation is in line with the fact that the International Telecommunication Union (ITU) covers radiolocation (radars). We must therefore consider that a MRIWPTS using transmitter control based on telemetry is capable of communication so that it falls within the scope of the R&TTE directive if it operates at frequencies higher than 9 kHz for power transmission and if it does not meet the conditions (a), (b), and (c).
The self-tuning capability does not involve modulation conveying information so that we may consider that the self-tuning capability does not imply that a MRIWPTS is capable of communication. Of course, a WPT without selftuning capability or transmitter control based on telemetry involves no modulation conveying information. Thus, we may conclude that a MRIWPTS which does not use transmitter control based on telemetry need not be subject to the R&TTE directive and that, if it is not capable of radio communication for another purpose than the one discussed here, it does not fall within the scope of the R&TTE directive.
Applicability of the Radio Equipment Directive
The radio equipment directive, which will replace the R&TTE directive on 13 June 2016 [5, Art. 50], uses different definitions. It will be applicable to radio equipment, defined as an electrical or electronic product, which alone or completed with an accessory such as antenna intentionally emits and/or receives radio waves for the purpose of radio communication and/or radiodetermination, where radio communication means communication by means of radio waves, radiodetermination means the determination of the position, velocity, and/or other characteristics of an object or the obtaining of information relating to those parameters, by means of the propagation properties of radio waves, and radio waves mean electromagnetic waves of frequencies lower than 3 000 GHz, propagated in space without artificial guide. In the radio equipment directive, the minimum frequency of 9 kHz has disappeared from the definition of radio waves, so that a MRIWPTS uses radio waves unless it meets the conditions (a) (b) and (c) defined in Section 4.
At this point, we do not need to discuss the communication capabilities of the MRIWPTS, because the self-tuning capability and transmitter control based on telemetry are clearly intended for radio determination. Thus a MRIWPTS using the self-tuning capability or transmitter control based on telemetry falls within the scope of the radio equipment directive if it does not meet the conditions (a), (b), and (c).
We may also conclude that if a MRIWPTS uses neither a self-tuning capability nor transmitter control based on telemetry, it need not be subject to the radio equipment directive, and that, if it is not capable of radio communication for another purpose than the one discussed here, it does not fall within the scope of the radio equipment directive.
Conclusion
For a MRIWPTS providing a reasonable efficiency, the ratio of the shortest distance between the coils to the largest dimension of the largest coil will always be less than 4,0 in an ideal experiment and less than 2,0 in a real-world application. For a MRIWPTS operating at the 27.120 MHz frequency, a transmitted power of only 1 W, and a distance of 0.3 m between the coils, we have shown that a radiated emission limit may or may not be exceeded, depending on the applicable legislation. We have also shown that, for this MRIWPTS, the reference levels relating to the limitation of exposure of the general public may be exceeded near the coils.
We have presented an analysis of the applicability of the R&TTE and radio equipment directives. The result of this analysis can be summarized into the following simplified statements:
(i) a MRIWPTS falls within the scope of the R&TTE directive only if it uses transmitter control based on telemetry with a range exceeding 10 cm or another form of radio communication subject to the R&TTE directive;
(ii) a MRIWPTS will be subject to the radio equipment directive only if it uses the self-tuning capability or transmitter control based on telemetry, with a range exceeding 10 cm, or another form of radio communication subject to the radio equipment directive.
